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ABSTRACT

A 39-year-old female with a history of kidney transplant presented to the endocrinology clinic for osteoporosis evaluation after sus-
taining an ankle fracture from a fall. Her kidney transplant regimen (mycophenolate mofetil 360 mg twice a day, tacrolimus 0.5 mg
every morning and 0.5-1 mg every evening, prednisone 5 mg/day) and baseline creatinine (1.0-1.2 mg/dL) had been stable for sev-
eral years. After an appropriate secondary workup, she was started on abaloparatide 80 pg subcutaneous daily injections for osteo-
porosis. She had a good initial biochemical response to therapy. However, 5 months after abaloparatide initiation she was found to
have a new elevation in serum creatinine (1.17 to 1.69 mg/dL) despite stable serum tacrolimus trough levels, and two new human
leukocyte antigen (HLA) antibodies (anti-HLA antibodies detected to Cw7 and DP28). Abaloparatide was stopped due to concern
for immunogenicity. There was no evidence of rejection on kidney biopsy and she was restabilized on her transplant regimen with
a new baseline creatinine of 1.3-1.6 mg/dL. The patient was subsequently started on teriparatide 20 ug daily subcutaneous injections
for 2 years with good biochemical response, significant improvement in bone mineral density, and stable transplant regimen without
additional signs of immunogenicity or rejection. This is the first case report to raise concern about immunogenicity with abalopara-
tide in solid organ transplant recipients. © 2023 The Authors. JBMR Plus published by Wiley Periodicals LLC on behalf of American

Society for Bone and Mineral Research.
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Case Report

39-year-old female with a history of ulcerative colitis, pre-

mature ovarian insufficiency at age 37 years, pulmonary
embolism, and end-stage renal disease secondary to biopsy-
proven immunoglobulin A (IgA) nephropathy status post living
donor-related kidney transplant in 2006 on chronic prednisone
presented to the Endocrinology clinic for evaluation of low bone
mineral density (BMD) and fracture. Osteoporosis was diagnosed
in 2007 at 27 years old on dual-energy X-ray absorptiometry
(DXA) that was performed due to her history of transplant and
chronic prednisone use (lowest T-score —3.4, lowest Z-score
—2.6). She took risedronate for 5 years (2007-2012) and subse-
quently sustained a left ankle avulsion fracture when she missed
one step walking down a staircase in 2019. Her mother had oste-
oporosis. She had no history of radiation therapy or kidney
stones.

She was diagnosed with IgA nephropathy with kidney biopsy
in 2005 and was on hemodialysis for 5 months. She received an
human leukocyte antigen (HLA) 5 antigen mismatched, living
donor-related kidney transplant in 2006. One month after trans-
plant she had an episode of Banff 1A rejection for which she
received thymoglobulin with high dose methylprednisolone
(Solu-Medrol) for 6 weeks with clinical resolution. The predni-
sone dose was titrated down to 10 mg/day for approximately
5 years. She was stable on prednisone 5 mg/day from 2011 until
presentation in 2019. Her anti-rejection transplant medication
regimen also included mycophenolate mofetil 360 mg twice a
day and tacrolimus (0.5 mg every morning, 0.5-1 mg every eve-
ning). Her tacrolimus goal was 4-7 ng/mL and her tacrolimus
trough level ranged from 6.0 to 10.5 ng/mL from 2015 through
early 2020. Antibodies were monitored annually/semiannually
with no evidence of donor specific antibodies in 2015, 2017,
2018, 2019, or February 2020. Her transplant regimen with a
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baseline creatinine of 1.0-1.2 mg/dL had been stable for approx-
imately 14 years.

Menarche occurred at 14 years old with subsequently irregu-
lar periods attributed to polycystic ovarian syndrome. She expe-
rienced a pulmonary embolism in 2008 while on oral
contraceptive pills and previously completed a year of warfarin
(Coumadin) therapy. No underlying clotting disorder was identi-
fied on Hematology evaluation. Hematology recommended
chronic anticoagulation if exogenous hormones were ever
restarted. She had a left oophorectomy in 2010 for a large ovar-
ian cyst and a right cystectomy and partial salpingectomy in
2012 for an incidentally noted large right ovarian cyst. Her last
menstrual period was in January 2017, at the age of 37 years.
Premature ovarian insufficiency was attributed to insufficient
ovarian tissue after the surgical procedures.

She was diagnosed with ulcerative colitis based on colonos-
copy in 2016 and received a 3-month course of budesonide. In
2016 she also had gastroparesis (attributed to mycophenolate
mofetil [Cellcept] therapy), resulting in a period of low body mass
index (BMI) (16 kg/mz) for approximately 18 months in 2016-
2018. Her BMI at presentation in 2019 was 19.6 kg/m?.

She was started on calcium and vitamin D supplementation
when prednisone was initiated in 2006. Despite this, she had
hypocalciuria during evaluation in 2019 (24-hour urine
calcium = 72 mg/day; Table 1) due to lactose intolerance and his-
torically poor dietary calcium intake. Celiac panel was negative
and urine calcium improved with increased intake of nondairy
sources of dietary calcium (24-hour urine calcium = 108 mg/day
in 2020 prior to medication initiation; Table 1). She was a lifelong
nonsmoker with minimal intake of alcohol and caffeine and was
physically active. She had no steroid exposure prior to her kidney
transplant. Bone turnover markers were elevated (Table 1). No
additional secondary causes of low BMD were identified on labo-
ratory evaluation performed in 2019 including normal albumin-
adjusted total serum calcium, serum phosphorous, and serum
alkaline phosphatase with a parathyroid hormone (PTH) of
58 pg/mL (Table 1). Given the brief duration of remote hemodial-
ysis, no evidence of secondary hyperparathyroidism, currently
normal kidney function, and elevated bone turnover markers
without clinical concern for adynamic bone disease, bone biopsy
was not performed at the time of evaluation.

Given the patient’s past medical history, she desired an aggres-
sive approach to treating her osteoporosis to avoid additional frac-
tures and maintain her mobility and independence. She
previously received 5 years of bisphosphonate therapy, most
recently in 2012. Her young age required a long-term treatment
approach that would maximize therapeutic benefit to decrease
fracture risk now and in the future, without committing her to con-
tinuous lifelong therapy. Given the complexity of her case, treat-
ment decisions were discussed, in depth, with an online
community of medical providers specializing in metabolic bone
disease (Bone Health TeleECHO),""? the patient, and her family.
She had contraindications and/or significant risks with several US
Food and Drug Administration (FDA)-approved osteoporosis treat-
ments including estrogen/raloxifene (due to history of pulmonary
embolism and requirement for concurrent anticoagulation), oral
bisphosphonates (due to history of prior gastroparesis, ulcerative
colitis, and prior 5-year course), denosumab (dosing profile would
commit her to long-term therapy, which was less desirable in a
young individual), and romosozumab (cardiovascular concern
given history of pulmonary embolism). Therefore, initiation of ana-
bolic therapy followed by a single consolidation dose of zoledro-
nate was determined to be the best treatment course for her,
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Fig. 1. Percent change in bone mineral density (BMD) compared to prior
exam at the (A) lumbar spine, (B) left total femur, and (C) right total femur.

BMD increased 26.7%, 11.1%, and 10.3%, respectively from 2019 to 2022
with interim teriparatide daily injections.

particularly with data supporting this sequential therapy
approach.®) Abaloparatide (ie, Tymlos) was chosen over teripara-
tide (ie, Forteo) due to the lack of refrigeration requirement.
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She initiated abaloparatide 80 pg daily in February 2020.
Laboratory tests done in March 2020 showed normal albumin-
adjusted calcium and an excellent biochemical response to
therapy™ with the non-renally-cleared bone formation marker,
procollagen type 1 N-terminal propeptide (P1NP; Table 1),
increasing from 122 pg/L pretreatment to 185 pg/L on treatment
(premenopausal normal range 20-101 pg/L). She developed
fatigue, headaches, and palpitations for 1-2 hours after each
abaloparatide injection. These symptoms were considered to
be consistent with typical vasodilation side effects of the medica-
tion. Although the duration of these symptoms improved over
time, a trial of teriparatide was recommended to see if this
improved her symptoms. In July 2020, before she could change
from abaloparatide to teriparatide, she was evaluated by her
Transplant Nephrology team for an increase in serum creatinine
from 1.17 to 1.69, despite stable serum tacrolimus levels, and
new HLA antibody formation (HLA-Cw7, mean fluorescent inten-
sity 1930, HLA-DP28, mean fluorescent intensity 1020) (Table 1).
She stopped the abaloparatide on July 17, 2020. There was no
evidence of rejection on kidney biopsy. Specifically, there was
no interstitial inflammation and no evidence of antibody-
mediated injury. She was restabilized on tacrolimus with a
new baseline creatinine of 1.3-1.6 mg/dL (previous baseline
1.0-1.2 mg/dL).

After an informed discussion and shared decision making with
the patient, her family, her transplant nephrology team, and the
online community of bone health experts (Bone Health
TeleECHO),""? the patient started teriparatide 20 pg daily in
August 2020. Calcium and creatinine levels remained stable after
teriparatide initiation and throughout the subsequent 2-year
course. She had an excellent response to teriparatide based on
P1NP levels (Table 1) and BMD (Fig. 1), with no subsequent frac-
tures. Subsequent testing for HLA antibodies were negative.

Discussion

There are no reports in the literature of abaloparatide being
associated with immunogenicity in solid organ transplant recip-
ients. This case report cannot establish a cause-and-effect rela-
tionship. However, the prior duration of transplant regimen
stability and the timing of abaloparatide initiation relative to
new HLA antibody formation with no other interim clinical
events increases suspicion that abaloparatide played a causa-
tive role. De novo donor-specific antibodies occur in ~10%-
15% of patients by 5 years posttransplant and it is unusual for
patients to develop HLA antibodies late after transplant in the
setting of appropriate immunosuppression.(‘r”” At the time of
the patient’s transplant in 2006, HLA typing at the Cw and DP
loci was not a part of routine clinical practice so it cannot be
determined if the HLA antibodies she developed were donor
specific versus non-donor specific. It is unclear what role, if
any, the patient’s history of autoimmune disease played in the
development of new HLA antibodies after abaloparatide
initiation.

There are two anabolic medications related to PTH that are
FDA-approved to treat postmenopausal osteoporosis, abalo-
paratide and teriparatide. Abaloparatide is a synthetic peptide
analog of PTH-related protein (PTH-rp) that transiently stimu-
lates the parathyroid hormone receptor type 1 (PTHR1) result-
ing in an anabolic skeletal response.®® In postmenopausal
women, abaloparatide therapy causes early increases in bone
turnover markers (more so for P1NP than the resorption marker

C-telopeptide of type | collagen [CTX]), corresponding with
improved BMD at the lumbar spine and total hip, and a
decrease in vertebral, clinical, and major osteoporotic fractures
compared to placebo.®'® In a Phase II study, 12% of patients
receiving abaloparatide developed anti-abaloparatide anti-
bodies after 24 weeks but no immune-related events were
reported.®) Antibody development did not confer an increased
risk of adverse events, although one patient developed
abaloparatide-neutralizing activity that did not appear to atten-
uate medication efficacy.®

The PTH-analog, teriparatide, has the same first 34-amino acid
sequence as endogenous PTH and also stimulates the PTHR1
receptor to generate an anabolic skeletal response."” In post-
menopausal women, teriparatide stimulates bone turnover
markers, increases BMD at the lumbar spine and femoral neck,
and decreases risk of vertebral and nonvertebral fractures."" In
the Neer and colleagues"" study, PTH antibodies developed
in one woman in the placebo group (<1%), 15 women receiving
the FDA-approved 20 pg/day dose (3%), and 44 women receiv-
ing the 40 pg/day dose (8%) but with no discernible effect on
any outcome measures.

The trials of PTH-based anabolic osteoporosis medications
referenced above were performed in healthy postmenopausal
women, not in solid organ transplant recipients. There are no
large, long-term randomized controlled trials of anabolic med-
ications in kidney transplant patients. However, teriparatide
has been used in 15 hypoparathyroid patients with a history
of kidney transplant with no episodes of rejection."?'® In a
6-month, double-blind randomized trial by Cejka and col-
leagues' in 26 transplant recipients, teriparatide stabilized
femoral neck BMD in the first 6 months after kidney transplant
(compared to BMD loss in the placebo group), and there were
numerically fewer episodes of rejection in the teriparatide
group compared to those who received placebo. Significant
improvements in bone formation on transiliac bone biopsy
was observed in a heart transplant recipient with chronic kid-
ney disease who was initiated on teriparatide for low bone
turnover disease with fracture." Based on PubMed searches
performed in 2020, June 2022, and June 2023, no articles have
been published on the use of abaloparatide in kidney trans-
plant recipients. Because abaloparatide is a synthetic peptide,
it may be more likely to trigger an immune response than
the endogenous peptide teriparatide. This could be consistent
with the higher percentage of women developing antibodies
in the initial abaloparatide studies compared to the initial ter-
iparatide study.®'" However, because these trials were con-
ducted in different study populations, there may have been
additional factors contributing to the numerical imbalance.

Bisphosphonate medications are the most well-studied osteo-
porosis medications in kidney transplant patients.'® A recent
Cochrane review found that bisphosphonate therapy may
decrease acute graft rejection."® In the long-term, bisphospho-
nates may improve graft survival in kidney transplant recipients,
possibly by preventing acute and chronic rejection.'” The
Cochrane review also concluded that due to small sample sizes
it is uncertain whether any other osteoporosis treatment (includ-
ing “synthetic PTH”) impacts graft rejection."®

In conclusion, this is the first report of a temporal relationship
between abaloparatide initiation and the development of new
low-level HLA antibody formation in a kidney transplant recipi-
ent who subsequently did well on teriparatide. Additional stud-
ies are needed to assess the safety and efficacy of anabolic
medications in solid organ transplant recipients.
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